Abstract.-The twelve recognized species of nectar-feeding bats of the genus Lonchophylla occur in low-and middle-elevation, humid, Neotropical forests. Morphological and morphometrical analyses of specimens formerly lumped with Lonchophylla mordax O. Thomas (1903) support recognition of Lonchophylla concava Goldman (1914) as a separate species and reveal a third species from the western Pacific lowlands of Colombia and Ecuador that I describe herein as Lonchophylla fornicata. This new species is morphologically similar to Lonchophylla concava but is distinctively larger than that species. Tests for sexual dimorphism within these and other species of Lonchophyllini suggest a tendency for females to have slightly longer, narrower skulls, higher coronoid processes of the mandible, and longer forearms than males.
Abstract.-The twelve recognized species of nectar-feeding bats of the genus Lonchophylla occur in low-and middle-elevation, humid, Neotropical forests. Morphological and morphometrical analyses of specimens formerly lumped with Lonchophylla mordax O. Thomas (1903) support recognition of Lonchophylla concava Goldman (1914) as a separate species and reveal a third species from the western Pacific lowlands of Colombia and Ecuador that I describe herein as Lonchophylla fornicata. This new species is morphologically similar to Lonchophylla concava but is distinctively larger than that species. Tests for sexual dimorphism within these and other species of Lonchophyllini suggest a tendency for females to have slightly longer, narrower skulls, higher coronoid processes of the mandible, and longer forearms than males.
The genus Lonchophylla includes twelve species of nectar-feeding bats that are distributed primarily in tropical, low-to mid-elevation forests from southern Nicaragua south to southern Peru, Bolivia, and southeastern Brazil (Koopman 1994 , Dá valos 2004 , Albuja & Gardner 2005 , Woodman & Timm 2006 . Recent phylogenetic analyses confirm a close relationship among Lonchophylla and the monotypic genera Lionycteris, Platalina, and Xeronycteris (Dá valos & Jansa 2004, Gregorin & Ditchfield 2005, Woodman and Timm 2006) , which together comprise a specialized monophyletic lineage (tribe Lonchophyllini) within the phyllostomid subfamily Glossophaginae (Wetterer et al. 2000 , Carstens et al. 2002 , Baker et al. 2003 , Gregorin & Ditchfield 2005 , Simmons 2005 ). In fact, molecular and combined molecular and morphological analyses indicate that Lonchophylla may be paraphyletic with respect to one or more of these other three genera (Baker et al. 2003 , Dá valos and Jansa 2004 , Gregorin & Ditchfield 2005 . Despite these possible relationships, the four genera as currently understood are easily distinguished from one another using suites of morphological characters (Woodman & Timm 2006) .
While investigating variation within and among species of Lonchophyllini in order to better understand and describe Lonchophylla cadenai and Lonchophylla pattoni (Woodman & Timm, 2006) , I encountered specimens of a distinctive Lonchophylla from the Pacific lowlands in southwestern Colombia and northwestern Ecuador. These specimens represent a previously unrecognized species that is most similar morphologically to, but distinct from, Lonchophylla concava (Goldman, 1914) . Herein, I describe this new species and explain its relationships with other species in the genus.
Materials and Methods
Measurements (mm) follow those of Woodman & Timm (2006) , who described and illustrated the skull dimen-sions used herein. Forearms and skulls were measured to the nearest 0.1 mm using a digital caliper or an ocular micrometer in a dissecting microscope. With the exception of length of forearm, external measurements are those recorded by the original collectors. Length of head and body was determined by subtracting tail length from total length. Length of forearm was measured from the elbow to the distal-most extension of the bent wrist. Abbreviations used for measurements are provided in Table 1 . Capitalized color terms are those of Ridgway (1912) . In descriptions of habitats, capitalized vegetational associations are from the Holdridge system for classification of life zones (Holdridge 1947 , Holdridge et al. 1971 . Specimens examined for this study are listed in Appendix I.
The new species that I describe herein is most similar in size and morphology to Lonchophylla concava Goldman (1914) , and specimens of the new species were initially identified as belonging to that species (e.g., Woodman & Timm 2006: 475) . Lonchophylla concava generally has been treated as a subspecies of Lonchophylla mordax O. Thomas (1903) since Handley's (1966) study of Panamanian Lonchophylla. However, I agree with Albuja & Gardner's (2005) recognition of L. concava and L. mordax as distinct species. The two taxa are similar in size (Table 1) but differ in a number of qualitative skull characters (Woodman & Timm 2006) .
In order to compare the new species with L. concava and to determine whether the former's larger size could be explained by clinal variation in L. concava, I carried out principal components analyses (PCA) using a correlation matrix of eight variables (GLS, PL, SB, ZB, UTL, LTL, CPH, FAL) and plotted the resulting scores. Because of the long time span during which L. concava and L. mordax were considered conspecific, I included L. mordax in some of these comparisons.
Variables for these analyses were measured from seven individuals of the new species from Colombia and Ecuador; 37 L. concava from Colombia (n 5 2), Costa Rica (9), Ecuador (8) , and Panama (18); and 23 L. mordax from Brazil.
To investigate sexual dimorphism in L. concava, L. mordax, and the new species, I compared selected variables within species using Student's t-tests for small samples of equal or unequal size, as appropriate (Sokal & Rohlf 1981) . I plotted PCA factor scores of female and male L. concava separately for one of the analyses and inspected the plots for patterns of differentiation. In addition, I looked for common, albeit non-significant, patterns of sexual variation among my samples and among Woodman & Timm's (2006) samples of Lionycteris spurrelli and Lonchophylla thomasi.
I reinvestigated the phylogeny of the Lonchophyllini (Lonchophylla, Lionycteris, Platalina, Xeronycteris) using 64 characters in a dataset (Appendix II) modified slightly from that used by Woodman & Timm (2006) . This dataset included 26 morphological and mDNA restriction site characters from Wetterer et al.'s (2000) analysis of the Phyllostomidae. One major departure from Woodman & Timm's (2006) dataset was the deletion of their character 57, which was redundant with regard to characters 54-56. In addition, I was able to code selected characters not previously provided for L. bokermanni from a single specimen (TTU 43627). Because previous analyses of the Phyllostomidae (Baker et al. 2003 , Wetterer et al. 2000 , Carstens et al. 2002 suggested a variety of possible outgroup relationships for the Lonchophyllini, I included seven non-Lonchophyllini species of Phyllostomidae to polarize characters: Anoura geoffroyi, Glossophaga soricina, and Monophyllus redmani (Glossophaginae, Glossophagini); Carollia perspicillata (Carolliinae); Erophylla sezekorni and Phyllonycteris Swofford 1998 ) to analyze the matrix. All characters were unordered and equally weighted. No topology for the outgroups was enforced. Parsimony analyses used the heuristic search option with a random addition sequence of 1000 replicates. Starting trees were via stepwise addition, and the branch-swapping algorithm was tree-bisection-reconnection (TBR). I also carried out bootstrap analyses of 1000 bootstrap repetitions with a random addition sequence of 100 replicates and TBR. Character evolution on the resultant trees was analyzed using 
Results
The twelve species of Lonchophylla currently recognized often are divided into two size groups based on greatest length of skull (GLS; Taddei et al. 1983 , Dá valos 2004 , Woodman & Timm 2006 . GLS correlates poorly with other more typical proxies for body size, such as length of head and body or weight (Woodman & Timm 2006) , and the size division based on GLS does not reflect phylogenetic relationships within the genus as they are currently understood (e.g., Dá valos & Jansa 2004) . The division into size groupings is generally useful, however, for characterizing species and identifying specimens (Woodman & Timm 2006) 
orcesi, and L. robusta (Table 1) . Referred specimens (9) Etymology.-The species name fornicata is a Latin adjective meaning ''arched,'' and it was chosen to communicate the similarity of the new species to Lonchophylla concava (concava being a Latin adjective meaning ''hollowed,'' ''arched inward,'' most likely in reference to the deeply arched posterior portion of the palate).
Distribution.-Known from the Pacific coastal plain of southwestern Colombia and northwestern Ecuador; elevational distribution from 75 m to just above 500 m (Fig. 2) .
Diagnosis.-Based on GLS, L. fornicata is a medium-sized member of the genus, most easily distinguished from L. chocoana, L. handleyi, L. hesperia, L. orcesi, and Platalina genovensium by its shorter skull (GLS , 26.0), and from Lonchophylla cadenai, L. dekeyseri, L. pattoni, L. thomasi, and Lionycteris spurrelli by its longer skull (GLS . 23.0). Lonchophylla fornicata is further distinguished from L. bokermanni, L. chocoana, L. handleyi, L. hesperia, L. orcesi, and Platalina genovensium by its shorter forearm (FA , 36.5), and from Lonchophylla cadenai by its longer forearm (FA $ 33.0). From other Lonchophylla, L. fornicata can be distinguished by its short, brown dorsal pelage (in contrast to those of L. pattoni and L. robusta); long, 
Description.-Lonchophylla fornicata is a medium-sized species in the genus as measured either by greatest length of skull or by head and body length, and it has a relatively short forearm (Table 1) . Dorsal pelage is typically 5-7 mm long and strongly bicolored. The paler bases (ca. 70-80% of the length of the hairs) are creamy brown (Avellaneous to Drab) in color, in contrast to the pale-to mediumbrown tips, which vary from Buffy Brown on lower back to Natal Brown near the head. Ventral pelage is generally monocolored and varies from Avellaneous to Wood Brown. Genal vibrissae are absent, and there are three interramal vibrissae. An indistinct central rib extends to tip of noseleaf. In dorsal view, the rostrum is long and narrow, and it is not inflated above M1s, resulting in nearly parallel lateral outlines. The supraorbital region is narrow, not inflated, and typically lacks lateral projections. The posterior border of the anteorbital foramen is typically within the outline of the rostrum. In lateral view, the posterior border of the anteorbital foramen is typically between P4 and M1. In palatal view, obvious gaps are present between I1 and I2. P4 lacks a rooted lingual cusp. The transition of the posterior palate to the postdental palate is interrupted by deep midline depression. That portion of the palate posterior to M3 is longer than M3. The posterior margin of the palate typically extends posterior to the optic foramen and is near the anterior edge of the sphenoidal fissure. The mesopterygoid fossa is long, open, and U-shaped or Wshaped anteriorly; the anterior border of the mesopterygoid fossa typically is modified by a median projection of palate. The pterygoid processes are relatively narrow, and are not inflated. The basisphenoid pits are shallow, and the intervening septum is broad with rounded edges. The mandible is long and relatively slender. The coronoid process is low (slightly above level of the articular condyle) and broadly rounded. The articular process is long. The lower second premolar (p2) lacks a posterior cusp (hypoconid). In dorsal view, the gap between i2 and the canine is typically greater than the long dimension of i2.
Comparisons.-Lonchophylla fornicata is readily distinguished from Lonchophylla bokermanni, L. chocoana, L. handleyi, L. hesperia, L. orcesi, and L. robusta by its much shorter forearm (FA , 36.0- Table 1) , and from L. cadenai by its longer forearm (FA $ 33.0). It is distinguished from L. chocoana, L. handleyi, L. hesperia, and L. orcesi by its shorter skull (GLS , 26.0), and from L. cadenai, L. dekeyseri, L. pattoni, and L. thomasi by its longer skull (GLS . 23.0). In several dimensions, Lonchophylla fornicata is most similar to L. cadenai, L. concava, L. dekeyseri, L. mordax, L. pattoni, and L. thomasi; additional comparisons with these taxa follow.
Lonchophylla cadenai, L. pattoni, and L. thomasi: In addition to its longer skull (GLS . 23.0), L. fornicata has a longer, narrower rostrum; narrower, less inflated supraorbital region; more posteriorly located posterior border of anteorbital foramen (typically between P4 and M1 rather than above P3 or P4) that does not project beyond the lateral outline of the rostrum; longer, narrower palate; lingual cusp on P4 lacking; a deep depression along midline of posterior palate; a long, open U-shaped or W-shaped mesopterygoid fossa, with median projection of palate; narrow, uninflated pterygoid processes; broader septum separating basisphenoid pits; more rounded coronoid process; posterior cusp on p2 lacking; greater gap between i2 and canine.
Lonchophylla concava: Lonchophylla fornicata is closest morphologically to this species, from which it differs in its longer skull, wider posterior palate (as measured by MMB), and proportionally greater zygomatic breadth (Fig. 3A) , supraorbital breadth, and lengths of maxillary and mandibular toothrows (Fig. 3B) ; longer maxillary toothrow relative to mandibular toothrow (Fig. 3C) ; greater height of coronoid process relative to mandibular toothrow (Fig. 3D) .
Lonchophylla dekeyseri: In addition to its longer skull (GLS . 23.0), L. fornicata has a longer, narrower, and less inflated rostrum; more posteriorly located posterior border of anteorbital foramen (typically between P4 and M1 rather than above posterior root of P4); longer, broader palate; lingual cusp on P4 lacking; a deep depression along midline of posterior palate; shallower basisphenoid pits; lower, more rounded coronoid process; posterior cusp on p2 lacking; greater gap between i2 and canine.
Lonchophylla mordax: Lonchophylla fornicata has a longer, narrower, less inflated rostrum; more posteriorly located posterior border of anteorbital foramen (typically between P3 and M1 rather than between anterior and posterior roots of P4); longer, broader palate; lingual cusp on P4 lacking; a deep depression along midline of posterior palate; shallower basisphenoid pits; lower, more rounded coronoid process; posterior cusp on p2 lacking; greater gap between i2 and canine.
Multivariate analysis.-A plot of factor scores from a PCA comparing L. concava, L. fornicata, and L. mordax (Fig. 4) shows that Lonchophylla concava and L. mordax overlap nearly completely on PC 1, which represents overall size ( Table 2 ). In contrast, L. fornicata typically is larger than either of those species. Along PC 2, L. mordax is almost entirely separated from L. concava and L. fornicata, reflecting its generally shorter palate, narrower supraorbital region, higher coronoid process, and longer forearm ( Table 2) .
A plot of factor scores from a second PCA comparing just L. concava and L. fornicata (Fig. 5) , shows the two species separate along PC 1, which emphasizes the greater size of L. fornicata (Table 3) . Despite the wide distribution of specimens, from southern Costa Rica through western Ecuador, L. concava is relatively uniform in size, with no indication of clinal variation. Specimens of L. fornicata have a size distribution that is nearly as great as that of L. concava despite their more limited geographic range. Along PC 2 (''length'' vs. ''breadth;'' see Table 3 ), the two species overlap considerably, although L. fornicata has a much narrower range of variation. Within L. concava, there appears to be a tendency for Costa Rican, Colombian, and Panamanian specimens to have shorter, broader skulls and longer forearms relative to Ecuadorian specimens. Along PC 3 (SB vs. CPH; not shown), the two species also overlap considerably.
Sexual dimorphism.-Among the Lonchophyllini, males and females are generally similar in size and proportions, although geographically-constrained samples are still too small and uneven to have great confidence in statistical tests. Woodman & Timm (2006) found that their sample of female Lonchophylla thomasi exhibited a clear tendency to have a longer skull, narrower zygomatic breadth (but Fig. 3 . Bivariate plots of variables measured from L. concava and L. fornicata. Abbreviations are explained in Table 1 . Regressions are based only on L. concava and are extended through plots of L. fornicata. A, Bivariate plot of zygomatic breadth (ZB) and greatest length of skull (GLS), illustrating the longer and relatively broader skull of L. fornicata (ZB 5 6.03 + 0.131 GLS; F 5 2.91, p 5 0.097). B, Bivariate plot of length of mandibular toothrow (LTL) and greatest length of skull (GLS), illustrating the longer skull and relatively longer toothrow of L. fornicata (LTL 5 2.16 + 0.256 GLS; F 5 16.71, p 5 0.000). C, Bivariate plot of length of maxillary toothrow (UTL) and length of mandibular toothrow (LTL), illustrating both the longer maxillary and mandibular toothrows of L. fornicata and the longer maxillary toothrow relative to mandibular toothrow in that species (LTL 5 1.32 + 0.884 UTL; F 5 61.65, p 5 0.000). D, Bivariate plot of height of coronoid process (CPH) and length of mandibular toothrow (LTL), illustrating the longer toothrow and relatively higher coronoid process of L. fornicata (CPH 5 2.37 + 0.154 LTL; F 5 1.12, p 5 0.297). The slopes of the regressions for plots A and D are not significantly different from zero. equal or broader postorbital region), shorter coronoid process of the mandible, and longer forearm than males, but few of these differences were statistically significant. I found that female Lonchophylla concava, L. fornicata, L. mordax, and Lionycteris spurrelli show many of the same tendencies, with the exceptions that zygomatic breadth averages slightly greater in male Lionycteris spurrelli and is equal in male and female L. mordax; and the coronoid process tends to be higher in female L. fornicata (Table 1) . Moreover, the difference in forearm length in L. fornicata is statistically significant, although this may be a result of the low sample sizes available. In multivariate (Table 2) , so the largest individuals have the most negative scores on that axis. Table 2 .-Factor loadings for the first two axes from PCA of eight variables from 37 L. concava, 7 L. fornicata, and 23 L. mordax (Fig. 4) . space (Fig. 5 ), male and female L. concava overlap considerably but exhibit different centers of distribution along PC 2, which reflect the tendency of females to have longer, narrower skulls and lower coronoid processes (Table 3) . A similarly subtle pattern of differentiation in multivariate space was reported between male and female L. thomasi (Woodman & Timm 2006) . Possible sexual differences in measurable characters are small (0-0.4 mm for cranial variables; 0.1-1.0 mm for length of forearm) and more often appear as general tendencies rather than as statistically significant distinctions. Their appearance across taxa, however, suggests that they may reflect real, if subtle, sexual (Table 3) , so the largest individuals have the most negative scores on that axis. Table 3 .-Factor loadings for the first two axes from PCA of eight variables from 37 L. concava and 7 L. fornicata, (Fig. 5 ). Thomas 1972) . This site is on the Pacific coastal plain in Premontane Rain Forest (IGAC 1988) . Mean annual temperature in the region is ca. 25.5 6 2uC. There is a bimodal rainy season, and mean annual rainfall exceeds 7000 mm. The driest period is January-March. The study site encompassed a gravel bar at the edge of the river and extended inland across a lightly-forested flood plain and approximately 100 m into dense rain forest on an older river terrace (M. E. Thomas 1972) . Additional details of the Zabaletas site were provided by Thomas (1972) and by Woodman & Timm (2006) . Thomas captured 1646 individuals of 35 species of bats at Zabaletas from September 1966 through August 1967, with additional field work in June 1968 and January 1969. The total included six Lonchophylla cadenai, two L. chocoana, and two L. fornicata, indicating that these three species were syntopic at Zabaletas. Lonchophylla represented only 0.6% of captures, indicating that it was relatively uncommon to take any species of the genus here using traditional bat netting techniques.
All specimens of L. fornicata were collected on the Pacific side of the Andes in humid forest. A number of individuals are from about 225 m elevation at La Guayacana, also on the Pacific coastal plain of Colombia in Premontane Rain Forest (IGAC 1988) . McCarthy et al. (2000) caught a male L. fornicata (CM 112585) at ca. 512 m elevation in a railroad tunnel near Lita, Imbabura Province, Ecuador, where it was apparently roosting. Other species taken with it were Balantiopteryx infusca, Carollia brevicauda, and Desmodus rotundus. Lita, which is in Premontane Wet Forest, experiences a year-round wet season with an annual precipitation of 3000-4000 mm and a mean annual temperature of 18-22.4uC (Cañ adas 1983) .
Phylogenetic analysis.-Parsimony analysis of a data set of 64 characters (Table 4 ) yielded 16 shortest length trees (197 steps) with varied topologies. The strict consensus tree (Fig. 6) 
handleyi, L. robusta))))). A second clade, also identified previously (Woodman & Timm 2006) , consists of Lonchophylla cadenai, L. pattoni, and L. thomasi. The third grouping consists of L. bokermanni, L. concava, and L. fornicata. Few unambiguous characters support any of these branches, however.
Bootstrap analysis yielded a poorly resolved tree that was similar in many respects to that of Woodman & Timm (2006) . Like that tree and the parsimony tree, it recovered a sister relationship between L. handleyi and L. robusta and identified the clade of L. cadenai, L. pattoni, and L. thomasi. It also linked Platalina and Xeronycteris as sister taxa and recovered L. cadenai, L. pattoni, and L. thomasi as a clade. Unfortunately, most bootstrap supports were quite low.
I had been hopeful that the additional character codings for L. bokermanni and the removal of a redundant character would provide a greater resolution of relationships than that reported by Woodman & Timm (2006) . This did not turn out to be the case. Neither parsimony analysis nor bootstrap analysis was successful in identifying deeper structure within the Lonchophyllini, thus leaving unanswered the question of possibly paraphyly of Lonchophylla with respect to Lionycteris, Platalina, and/or Xeronycteris. Similarly, a deep division within Lonchophylla, hinted at by previous investigations (Dá valos & Jansa 2004 , Woodman & Timm 2006 , remains unconfirmed.
